Atmospheric environment for space shuttle (STS-41) launch by Jasper, G. L. & Batts, G. W.
NASA
Technical
Memorandum
NASA TM-I03525
ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE
(STS-41) LAUNCH
By G.L. Jasper and G.W.
Space Science Laboratory
Balls
November 1990
_w
(NASA-TM-I 0352 5) ATH,qSPHFRIC ENVIRONMENT
FOR SPACE SHUTTLE (,STS-4I) LAUNCH (NASA)
45 p CSCL I3B
NASA
National Aeronautics and
Space Administration
George C. Marshall Space Flight Center
63/45
NOI-Iq529
Unclas
_332d39
MSFC- Form 3190 (Rev. May 1983)
https://ntrs.nasa.gov/search.jsp?R=19910010216 2020-03-19T18:28:58+00:00Z

Report Documentation Page
NationeJAeronauticsand
SpaceAdm;ni=ration
t. Report No,
NASA TM -103525
2. Government Accession No.
4. Title and Subtitle
Atmospheric Environment for Space Shuttle (STS-41)
Launch
7. Author(s)
3. Fleclpient's Catalog No.
5. Report Date
November 1990
6. Performing Organization Code
8. Performing Organization Report No.
G.L. Jasper and G.W. Batts*
9. Performing Organization Name and Address
George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama 35812
12. Sponsoring Agency Name and Address
National Aeronautics and Space Administration
Washington, DC 20546
10. Work Unit No.
11, Contract or Grant No.
13. Type of Report and Period Covered
Technical Memorandum
14. Sponsoring Agency Code
15, Supplementary Notes
Prepared by Space Science Laboratory, Science and Engineering Directorate.
*New Technology Incorporated, Huntsville, Alabama.
16. Abstract
This report presents a summary of selected atmospheric conditions observed near space
shuttle STS-41 launch ffme on October 6, 1990, at Kennedy Space Center, Florida, Values of
ambient pressure, temperature, moisture, ground winds, visual observations (cloud), and winds
aloft are included. The sequence of prelaunch Jimsphere-measured vertical wind profiles is given
in this report. The final atmospheric tape, which consists of wind and thermodynamic parameters
versus altitude, for STS-41 vehicle ascent has been constructed. The STS-41 ascent atmospheric
data tape has been constructed by Marshall Space Flight Center's Earth Science and Applications
Division to provide an internally consistent data set for use in postflight performance assess-
ments and represents the best estimate of the launch environment to the 400,000-ft altitude that
was traversed by the STS-41 vehicle.
17. Key Words (Suggested by Author(s))
STS-41 Launch Atmospheric Summary
Pressure, Temperature, Relative Humidity
Winds, Winds Aloft, Clouds
Space Shuttle
18. Distribution Statement C'_/'_ 77./-J_
Unclassifted - Unlimited
19, Security Classif. (of this report)
Unclassified
20, Security Classif, (of this page)
Unclassified
21. No, of pages 22. Price
46 NTIS
NASA FORM 1626 OCT 86
For sale by the National Technical Information Service, Springfield, VA 22161-2171

ACKNOWLEDGMENTS
The authors wish to thank the personnel of NASA Kennedy Space Center (KSC), along
with those at the Cape Canaveral Air Force Station and their Computer Sciences Raytheon con-
tractors, for the acquisition and distribution of all related KSC atmospheric data received at MSFC.
Thanks are due to Calvin Prather and Janice Bijvoet of Sverdrup Technology Inc. for their
help in extracting atmospheric data that are used in this report. Appreciation is also expressed to
Kimberly Wilkie of NT1 for the computer support in attaining pad measurements.

TABLE OF CONTENTS
Page
I. INTRODUCTION ...................................................................................... !
II. SOURCES OF DATA .................................................................................. 1
|ll. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME ..................................... 2
IV. SURFACE OBSERVATIONS AT LAUNCH TIME .............................................. 2
V. UPPER AIR MEASUREMENTS DURING LAUNCH ........................................... 2
A. Wind Speed ......................................................................................... 2
B. Wind Direction ...................................................................................... 3
C. Prelaunch/Launch Wind Profiles ................................................................. 3
D. Thermodynamic Data .............................................................................. 3
E. SRB Upper Air and Surface Measurements ..................................................... 3
REFERENCES ................................................................................................ 36
iti
PRECEDING PAGE BLANK NOT FILMED
LIST OF ILLUSTRATIONS
Figure
I.
2.
3.
.
,
6.
7.
8.
,
10.
Title
Surface synoptic chart 13 rain after the launch of STS-4 ! ...................................
500 mb map i 3 rain after the launch of STS-41 ...............................................
GOES-7 visible imagery of cloud cover 14 rain after the launch o1 STS-41
(1201 u.t., October 6, 1990). 500-rob heights (meters) and wind barbs
are also included for 1200 u.t ....................................................................
Enlarged view of GOES-7 visible imagery of cloud cover taken 14 rain
after the launch of STS-41 (1201 u.t., October 6, 1990). Surface temperatures,
isobaric parameters, and wind barbs for 1200 u.t. are also included .......................
Scalar wind speed and direction at launch time of STS-41 ...................................
STS-41 prelaunch/launch Jimsphere-measured wind speeds (ft/s) .........................
STS-41 prelaunch/launch Jimsphere-measured wind directions (degrees) ................
STS-41 prelaunch/launch Jimsphere-measured in-plane component winds (ft/s).
Flight azimuth = 90 degrees .....................................................................
STS-41 prelaunch/launch Jimsphere-measured out-of-plane component
winds (ft/s). Flight azimuth = 90 degrees ......................................................
STS-41 temperature profiles versus altitude for launch (ascent) ............................
Pa-e
C"
26
27
28
29
30
31
32
33
34
35
iv
LIST OF TABLES
Table
1.
,
3.
4.
,
Title
Selected atmospheric observations for the flights of the
space shuttle vehicles .............................................................................
Systems used to measure upper air wind data lor STS-41 ascent ...........................
KSC surface observations at STS-41 launch time .............................................
STS-41 prclatmch through launch KSC pad 39B atmospheric
111C_.L',UrClllClIIS......................................................................................
STS-41 ascent atmospheric data tape ..........................................................
Page
9
10
"V

TECHNICAL MEMORANDUM
ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE (STS-41) LAUNCH
I. INTRODUCTION
This report presents an evaluation of the atmospheric environmental data taken during the
launch of the space shuttle/STS-41 vehicle. This space shuttle vehicle was launched from pad 39B
at Kennedy Space Center (KSC), Florida, on a bearing of 90-degrees east of north, at 1147 u.t.
(0747 e.d.t.) on October 6, 1990.
This report presents a summary of the atmospheric environment at launch time (L + 0) of
the STS-41, together with the sequence of prelaunch Jimsphere-measured winds-aloft profiles from
L-3.95 h through liftoff. The general atmospheric situation for the launch and flight area is
described, and surface and upper level wind/thermodynamic observations near launch time are
given. Since a ship was unavailable for STS-41 duty, the solid rocket booster (SRB) descent/impact
atmospheric data were not taken. However, one can use the STS-41 ascent data for SRB studies as
the best substitute.
Previous MSFC-related launch vehicle atmospheric environmental conditions have been pub-
lished as appendix A of individual MSFC Saturn Flight Evaluation Working Group reports [1].
Office memorandums have been issued lbr previous flights giving launch pad wind information. A
report has also been published [2] which summarizes most launch atmospheric conditions observed
for the past 155 MSFC/ABMA-related vehicle launches through SA-208 (Skylab 4). Reports
summarizing ASTP, STS-i through STS-31 launch conditions are presented in references 3 through
31, respectively. Table I gives the atmospheric L + 0 launch conditions for all the space shuttle
missions.
II. SOURCES OF DATA
Atmospheric observational data used in this report were taken from synoptic maps made by
the National Weather Service, plus all available surface observations and measurements from
around the launch area. Upper air observations were taken from balloon-released instruments sent
aloft from Cape Canaveral Air Force Station (CCAFS). High-altitude winds and thermodynamic
data were measured by a Super-Loki rocketsonde launched from the CCAFS. Table 2 presents a
listing of systems used to obtain the upper level wind profiles used in compiling the final ascent
atmospheric data tape. Data cutoff altitudes are also given in table 2.
i11. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME
A weak stationary front stretched eastward across northern Florida during the launch of
STS-41. Scattered light rain showers were reported over the KSC area 3 to 4 hours prior to iiftoff.
These showers rapidly dissipated in less than an hour. The surface winds were moderate and east-
erly, and figure I presents the surface map 13 rain after the launch of STS-41. The flow aloft was
dominated by light northerly winds, and figure 2 shows the winds aloft condition at the 500-mb
level 13 rain after the launch of STS-41.
Clouds were scattered over the KSC region prior to the launch. Figure 3 depicts the
GOES-7 visible picture at 1201 u.t. (14 rain after liftoff') with the 500-rob heights and wind barbs
superimposed. Figure 4 presents an up-close visible shot of the Florida peninsula as recorded by
GOES-7 taken also at 1201 u.t.
IV. SURFACE OBSERVATIONS AT LAUNCH TIME
Surface observations at launch time for selected KSC locations are given in table 3.
Included are pad 39B, shuttle runway, and CCAFS balloon release station observations. Neither
precipitation nor lightning was observed at launch time.
Table 4 presents pad 39B wind data along with other standard hourly atmospheric meas-
urements and sky observations for the 6-h period prior to launch of STS-41. Values for wind speed
and direction are given for the 18-m (60-ft) pad light pole level.
V. UPPER AIR MEASUREMENTS DURING LAUNCH
The FPS-16 Jimsphere (1202 u.t.), MSS Rawinsonde (1 I05 u.t.), and Super-Loki Robin
(1245 u.t.) systems were used to measure the upper level wind and thermodynamic parameters for
STS-41 launch. At altitudes above the rocket-measured data, the Global Reference Atmosphere
Model (GRAM) [32] parameters for October KSC conditions were used. A tabulation of the
STS-41 final atmospheric data for ascent is presented in table 5 which lists the wind and thermo-
dynamic parameters versus altitude. A brief summary of parameters is given in the following
paragraphs.
A. Wind Speed
At launch time, winds speeds were 23.6 ft/s (14.0 kn) at 60 fl and increased to a maximu,n
of 39.7 ft/s (23.5 kn) at 4,500 ft (1,372 m). Winds speeds generally decreased above this level and
began to increase consistently at 28,400 ft (8,656 m). The wind speed reached a nlaximunl of 86.3
ft/s (51.1 kn) at the 41,300-ft (12,588-rn) altitude. Wind speeds decreased above this level until the
139,000-ft(42,367-m)altitude wherethey beganto increase.The last maximumwind speedwas
178.9ft/s (105.9 kn), and this speedoccurredat the 234,000-ft (71,323-m)level. Figure 5 depicts
a completewind versusaltitudeprofile specifyingwind speedon the left side.
B. Wind Direction
At launch time the 60-ft wind direction was from the east (090") shifting through northeast
to a resulting northerly direction at 13,900 ft (4.237 m). The wind direction oscillated above this
level from north to east northeast until becoming northwesterly at the 19,500-ft (5,944-m) altitude.
Winds were shifting from northwest to westerly up to the 60,000-ft (18.288-m) level where winds
took on an easterly component. Winds fluctuated above this level and ended with a westerly
component at the last measurable wind direction which was at 272,000 ft (82.906 m). The right
side of figure 5 gives tile cornplete wind direction versus ahitude profile.
C. Prelaunch/Launch Wind Profiles
Prelaunch/launch wind profiles given in figures 6 through 9 were measured by the
Jimsphere FPS-16 system. Data are shown for four measurement periods beginning at L-3.95 h
and extending through L+ 15 min.
The wind speed and direction profiles for the 3.95-h period prior to and including L + 15
min are shown in figures 6 and 7. The in-plane (head-tail wind) and out-of-plane (left-right
crosswind) profiles are given in figures 8 and 9. Below 30,000 ft the in-plane component wind
speeds were greater than the October mean head wind component values. Above 30,000 ft the
in-plane component wind speeds were less than the October mean head wind component values.
The out-of-plane component wind speeds were mostly less than the October mean right crosswind
conlpol%cnl values.
D. Thermodynamic Data
The thermodynamic data, taken at STS-41 launch time, consisted of atmospheric tempera-
ture, dew-point temperature, pressure, and density. These data have been compiled as the STS-41
ascent atmospheric data and are presented in table 5. Missing data is indicated by -9999.00 in
table 5. The vertical structure of temperature and dew-point temperature for STS-41 ascent are
shown graphically versus altitude in figure 10.
E. SRB Upper Air and Surface Measurements
As has been mentioned in the introduction, since there was no ship available, an SRB
descent atmospheric data tape has not been constructed. The tabular values for the ascent atmos-
pheric tape, as presented in table 5, should be used for SRB descent/impact studies since it is the
closest measured data source.
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Surface synoptic map at 1200 u.t. October 6, 1990---isobaric, frontal, and
precipitation patterns are shown in standard symbolic form.
Figure I. Surface synoptic chart 13 min after the launch of STS-41.
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/500-MILLIBAR HEIGHT CONTOURS -
AT 7:00 A.M., E.S.T. j_ ...... _:
500-rob height
Contours at 1200 u.t.
October 6, 1990
Continuous lines indicate height contours at feet above sea level.
Dashed lines are isotherms in degrees centigrade. Arrows show wind
direction and speed at the 500-rob level.
Figure 2. 500-rob map 13 rain after the launch of STS-4[.
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